Brief communications 259 false-positive sera were mixed (1: 1) with 2-Me, none of them gave a positive result in AGID (HSE). These results indicate that most of false-positive results in the AGID (HSE) are attributable to IgM, which because of its larger size and molecular weight as compared with IgG would take more time to develop precipitation lines than would true positive sera. Such reactions may be avoided by a 2-Me treatment that destroys the IgM pentamer. 7 The AGID (HSE) should be avoided as a sole test because many of the positive precipitation reactions cannot be confirmed by other procedures such as blood cultures. Also, serum of infected dogs can yield equivocal results, 6 especially during the early or the late stages of infection, indicating lack of test specificity.
Early degenerative changes associated with spontaneous glaucoma in dogs
Stephanie L. Smedes, Richard R. Dubielzig Glaucoma is classified as primary or secondary, acute or chronic, and open angle or closed angle. In humans, the histopathologic changes associated with acute glaucoma have been well described. Abnormalities include dilation with subsequent stasis of conjunctival and episcleral vessels, stromal and epithelial edema, pseudouveitis, ischemic iris necrosis with or without accompanying dyscoria, subcapsular lenticular opacification, and vitreal degeneration with or without detachment. Additional changes include papilledema followed by cavernous optic atrophy within 4-7 days. Large cystic or cavernous spaces develop within the substance of the prelaminar optic nerve head. Superficial retinal hemorrhages, retinal vessel occlusions, and retinal nerve fiber and ganglion cell layer degeneration is seen. The outer neuronal layers remain unchanged. [1] [2] [3] Similar histopathologic studies of early glaucomatous changes have not been reported for the dog other than the selected situation of open angle glaucoma in the Beagle. 5 The affected canine eye is usually treated medically or surgically in an attempt to maintain function or, at least, cosmesis. The globe, which is the tissue routinely presented to the veterinary pathologist for examination, has had chronically elevated intraocular pressure (IOP) and/or has been treated surgically or medically for a period of time usually exceeding 2 weeks. Such eyes, thus, show changes consistent with chronic glaucoma and/or surgical manipulation.
Sight is not always maintained or regained in dogs presented during the acute stage of onset of glaucoma despite a rapid lowering of IOP. The aim of this study was to evaluate acute and subacute changes in glaucomatous eyes that could account for loss of sight. Observations of owners and referring veterinarians were used to determine the onset of glaucoma. The IOP elevation was obtained from the veterinarian's records.
Clinical history, ocular examination notations, and histopathologic changes were reviewed in glaucomatous canine globes from a collection of cases received between 1983 and 1990 by one of the authors (Stephanie L. Smedes). Cases were included in this study only if they were seen by a veterinary ophthalmologist and had strong veterinary and client histories to support a duration of glaucoma of ≤ 11 days.
A total of 18 eyes from 17 dogs met the above criteria and had had elevated IOP for 1-11 days, ranging from 32 to 80 mm Hg. Histopathologic descriptions were based on hematoxylin and eosin (HE)-stained sections, and on alcian blue-periodic acid-Schiff (alb PAS)-stained sections when available.
Six globes (from 5 dogs) were from Cocker Spaniels; 2 globes were from Basset Hounds. No other breed was represented by more than 1 globe. Ages of dogs ranged from 5 months to 9 years. Nine dogs were female, 7 were male, and sex was unknown in 1 dog.
The causes of glaucoma in these globes include endothelialization of the angle (6 globes), neovascularization (3 globes), goniodysgenesis (2 globes), inflammatory cells (2 globes), pigment cell accumulation in the angle (1 globe), ciliary body cysts occluding the pupil (1 globe), iris bombé (1 globe), anterior subluxation of the lens (1 globe), anterior luxation of lens and vitreous (1 globe), and hyphema (1 globe). The that were hypertrophied and rounded but did not have ascause was not discernible in 2 globes. Neovascularization sociated retinal detachments. Complete retinal (panretinal) was only present in conjunction with another abnormality necrosis was confined almost exclusively to the nontapetal (hyphema, lens and vitreous luxation, or endothelialization). retina (Fig. 3) .
The outflow apparatus, including trabecular meshwork and scleral venous plexus, were all distorted or nondiscernible. No globes had a normal appearing filtration apparatus. As the duration of glaucoma increased, there was a severe atrophy of the filtration apparatus. All eyes with IOP increases for ≥ 9 days had an indiscernible filtration apparatus. Dogs with early glaucoma often had hypertrophied cells lining the trabecular meshwork. These hypertrophied cells had widened cytoplasmic profiles and increased nucleus : cytoplasm ratios and, occasionally, mitotic figures. Mitotic figures were found within the filtrative apparatus only in globes with elevated IOPs of ≤ 8 days duration (Fig. 1) .
Panretinal necrosis only routinely occurred in cases with an IOP >45 mm Hg (one exception was the globe with an IOP of 32-36 mm Hg) and occurred in all cases, except one, with known IOP ≥48 mm Hg.
Thickened Loss of ganglion cells (compared with numbers seen in normal eyes) was seen in all globes. Necrotic ganglion cells were rarely seen (Fig. 2) . There was no readily apparent association between the degree of ganglion cell layer abnormalities and magnitude or duration of IOP elevation. However, the degree of changes in the ganglion cell layer in nontapetal retinal sections was always greater than or equal to that seen in the tapetal retina.
Changes in the neural retinal layers included coagulation necrosis, polymorphonuclear cell infiltrates, macrophage infiltrates, and disorganization of retinal layers. Inner and outer nuclear layers were not always affected to the same degree. The retinal pigmented epithelium in 7 globes exhibited cells with panretinal necrosis had evidence of retinal vascular disease. Vascular disease was limited to retinal vessels, unlike systemic hypertension in dogs in which similar changes can also be seen in choroidal vessels.
In persons with acute and chronic glaucoma, the ganglion cell and nerve fiber layers are usually the only retinal layers significantly affected. 1, 3 In 1 recent report, photoreceptor numbers were decreased in 24 glaucomatous human eyes with IOPs > 35 mm Hg. 4 The globes in our study, however, routinely showed necrosis in the inner nuclear, outer nuclear, photoreceptor, and retinal epithelial layers in addition to marked changes in the ganglion cell layer.
The functional significance of the retinal necrosis is potentially severe. Animals with retinal necrosis would not be expected to regain vision regardless of a decrease in IOP. The difference between the animals who regain sight and those who do not may be at least partially due to differences in the severity and distribution of retinal necrosis.
The filtration apparatus was affected in all globes. Early changes were characterized by atrophy with trabecular cells showing hypertrophy. Later in the disease process, profound atrophy made the filtration apparatus undiscernible. Mitosis and plump mesenchymal cells in the plexuses were indicative of a cellular proliferative response that occurs even as the structure undergoes severe atrophy within 9 days of the initial rise in IOP. Regardless of whether these changes are primary or secondary, the consequences of a closed filtration apparatus would be a decrease in conventional aqueous outflow, which may contribute to a further rise in IOP.
In summary, changes noted within the first 11 days of increased IOP are 1) the filtration apparatus initially exhibited a proliferative response with eventual progression to severe atrophy; 2) ganglion cell abnormalities and optic nerve malacia occurred early and at relatively low pressures; and 3) the nontapetal retina was consistently more severely affected than the tapetal retina in terms of panretinal necrosis. In these globes, a threshold level of >45 mm Hg appears to be necessary for some of the more severe changes.
